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(54) Title: POLYMER CARRIERS WITH BONDED SACCHARIDES FOR IMMOBILIZATION OF BIOLOGICAL SYSTEMS 

(57) Abstract: The solution concerns polymer carriers with bonded saccharides for immobilization of biological systems, where at 
the nonreducing end of a disaccharide is mannose or galactose that are covaJently bonded to polymer matrix through various types 
of spacers, which enables a better contact of a saccharide molecule with receptors of biological systems. 
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Polymer carrie rs with bonded saccharides for immobiiization of biological systems 
5 Technical field 

The inyention deals with polymer carriers with covalently bonded saccharides for temporary 
immobilization of cells with receptors for mannose or galactose. The invention is also aimed 
at the preparation of these polymer carriers. Their main application is the use of keratinocyte 
receptors for cultivation of these cells and transfer of the cells onto burns. The invention is a 
10 continuation of the patents of J. Labsky et al. "Polymer carrier for keratinocyte cultivation" 
(Czech Patent Applications PV 1998-1803, PV 1999-1946, PV 1999-1947, WO 99645631 
(PCT/CZ/99/00017)), 

Background art 

15 Biological systems such as some cell types, lectins and cell toxins, possess receptors, which 
enable temporary immobilization on polymer matrix surface with appropriate covalently 
bonded ligands. The temporarily formed receptor-ligand bond enables manipulation with the 
thus formed complex, such as separation, purification, cultivation or transport. Appropriate 
ligands for biological receptors are chemically bounded saccharides, such as mannose, 

20 galactose or disaccharides (lactose). The almost identical hydroxy groups in molecules of 
mono- or disaccharides require special techniques for the preparation of polymerizable 
derivatives or activation of saccharide molecules for modification of suitable polymer 
carriers. 

25 Most frequently are used polymerizable derivatives of mono- or disaccharides, where the 
hydroxy groups are protected, e.g., by acetylation, benzoylation or benzylation. Acetal 
derivatives of saccharides or analogous isopropylidene derivatives prepared by condensation 
with acetone can be converted by a suitable chemical modification to polymerizable 
derivatives. A variety of polymers with covalently bounded saccharides are described, where 

30 polymerizable derivatives of saccharides are homopolymerized or copolymerized with 
hydrophilic (2-hydroxyethyl methacrylate, acrylamide, methacrylamide, l-vinylpyrrolidin-2- 
one) or hydrophobic monomers (styrene, methyl methacrylate). Some types of saccharide 
monomers are described in the following brief survey. In literature are described saccharide 
derivatives, where the polymerizable group is bonded directly to the molecule of saccharide in 
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various positions (T. Kawasaki: US 4 465 827, 1984; D.K. Ray-Chaudhuri: US 3 356 652, 
1967; Y. Iwakura et al.: J. Polym. Sci., Part A-1, 6, 1625-1632, 1968; T. Kawasaki: 
US 4 465 827, 1984) 



Monomers are described where the polymerizable group is bonded to the saccharide molecule 
in positions 2 or 3 (S. Kimura et al: Malcromol. Chem. 58, 232, 1962; S. Kimura et al: 
Makromol. Chem. 50, 155, 1961) or 6 (M. Imoto et al: Makromol. Chem. 53, 2120, 1962; 
K) N.P. Ivanova et al.: Zh. Prikl. Khim. 71, 114-118, 1998; W.A.P. Black et al.: Makromol. 
Chem. 117, 210-14, 1968; W.A.P. Black: Carbohydr. Res. 5, 362-5, 1967; J. ICIein: 
Makromol. Chem. Rapid Commun. 6, 675, 1985; S. Kimura, M. Imoto; Makromol. Chem 50, 
155 (1961), 53, 210, 1962). 

15 Amino derivatives of saccharides, where the amino group is bonded in various positions are 
also often used for the preparation of polymerizable derivatives (E. Fanton, C. Fayet: 
Carbohydr. Res., 240, 143-52, 1993, J. Kleir.: Makromol. Chem., Rapid Commun. 6, 675. 
1985, B. Badley et al: Macromol. Chem. Phys. 198, 945-57, 1997, Suk Hyeong Cho et al: 
Korea Polym. J. 6, 188-192, 1998, R.L. Whistler et al: J. Org. Chem. 26, 1583, 1961). 



Both vinylic and methacryloylated derivatives of glycofiiranoses can be found in literature 
(W.A.P. Black et al: J. Chem. Soc. 1963, 4433, W.A.P. Black: Makromol. Chem. 71, 189, 
25 1964). 




2(1 
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Anotlier, very frequently cited group of polymerizable monomers utilizes glycoside 
derivatives, often with a spacer between the saccharide molecule and polymerizable group. In 

5 the following illustrative examples, n = 2-12 and X and Y are -O- or -NH-, m = 2 or 3 (K.S. 
Kim et al: Korea Polym. J. 4, 16-22, 1996, S.R. Sarfati et al: J. Chem. Soc, Perkin Trans. 1., 
1990, 1065-70, B. Helferich, K.H. Jung, Hoppe-Seyler's Z. Physiol. Chem. 311, 54, 1958, 
R,L. Whistler et al: J. Org. Chem. 26, 1583, 1961, J, Klein, D. Herzog: MakromoL Chem. 
188, 1217-32, 1987, H.P. Panzer, H.J. Roberts: J. Org. Chem. 26, 1583, 1961, Spaltenstein et 

w al: J. Am. Chem. Soc. 113, 686-9, 1991, T. Nakaya et al: J. Macromol. Sci., Macromol. Rep. 
A 30, 349-55, 1993, J. Coulon et al: Bioconjugate Chem. 9, 152-159, 1998). 




15 Oxazolines, which can be prepared from 2-acetamido-2-deoxysaccharides, are easily 
converted to 2-acetamido-2-deoxyglucosides, where a polymerizable group can be built-in in 
the aglycon. Here is given a specific preparation of cD-acrylamidoalkyl 2-acetamido-2-deoxy- 
P-D-glucopyranoside from 2-methyl-4,5-dihydro(3 ,4,6-tri-O-acetyl-l ,2-dideoxy-a-D- 
glucopyranoso)[2,l-d][l,3]oxazole catalyzed by camphor- 10-sulfonic acid (n = 3, 6) (S. R. 

20 Sarfati et al: J. Chem. Soc, Perkin Trans 1., 1990, 1065-70). 




25 A variety of saccharide derivatives are described in literature, where the oxazoline skeleton of 
a saccharide can be transformed into a suitable precursor for the preparation of polymer 
glycosides (M. Okada, K. Aoi: Jpn. Kokai Tokkyo ICoho JP 08259587, 1996), Jun-Ichi 
Kadokawa et al: Macromolecules 30, 8212-17, 1997). 
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A saccharose- derivative is given as an example of disaccharides with one or more 
polymerizable groups (T. Furuike et al: Macromolecules 1995, 28, 7241-7, J. Chen et al: WO 
98/51694), N. D. Sachinvala et al: Carbohydr. Res. 218, 1991, 237-45). 




An aminosaccharide can be attached to a soluble polymer by the reaction with an active ester, 
e.g. according to J. F. Bridges, R. Duncan, J. Kopecek: Int. J. Pharm. 44, 213-223, 1988. 

The brief enumeration of polymerizable monomers, which is by no means exhausting, already 
shows a great variability in the preparation of polymer carriers, where the saccharide units 
built-in in a hpmopolymer or copolymer with other monomers, should fulfil the function of a 
ligand for receptors of biological systems. Some drawbacks of the thus prepared polymers 
should be here mentioned. 

Protected hydroxy groups often resist quantitative deblocking. Varying the saccharide content 
in the copolymer considerably changes swelling characteristics of the polymer and hence also 
mechanical properties of the polymer. 

A distinct disadvantage of polymer carriers utilized as cultivation supports for immobilization 
or separation of biological substances and formed as copolymers of saccharide monomers 
with protected hydroxy groups and hydrophiUc or hydrophobic comonomers is the fact that 
the protecting groups must be removed. The polymers or copolymers prepared using the 
saccharides where the protecting groups were removed prior to the polymerization show also 
problems - poor solubility of saccharide monomers in organic solvents and comonomers, the 
necessity to polymerize mostly in water, poor mechanical properties of the formed 
copolymers. 

A variable content of saccharide units in the polymer significantly affects mechanical 
properties of the polymers to such extent that they cannot be used as cultivation supports. 
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Another disadvantage is that the removal of protecting groups is often not quantitative and the 
residual groups may affect the polymer structure. 

The present invention suggests the use of hydrophilic materials as matrices, both synthetic 
and natural, where specific ligands are bonded on modification of the carrier surface or 
activation of suitable saccharide derivatives and subsequent reaction with the matrix. Under 
these conditions, the reaction proceeds in surface layers of the matrix and mechanical 
properties of -the polymer formed are almost identical with those of the starting material and 
the amount of surface-bonded saccharides can be controlled. 



Disclosure of the invention 

The subject of the present invention is the polymer carriers with bonded saccharides mannose, 
galactose or disaccharides, where at the nonreducing end of the disaccharide is mannose or 
15 galactose, which are covalently bonded to polymer matrix using various types of spacers, 
whereby polymer matrices are made suitable for cultivation of keratinocytes or for temporary 
immobilization of biological systems with receptors for mannose and galactose of the general 
formula 

20 PM-[R-X-(R'-Y)p-Z]„, 

where PM is a hydrophilic crosslinked polymer prepared by radical polymerization of a 
polymerization mixture containing: (a) 1-99 wt.% of a monomer or monomer mixture, (b) 
0.1-10 wt.% of a crosslinker or crosslinker mixture, (c) 0.01-10 wt.% of a radical initiator 
25 and/or (d) 0. 1 -40 wt.% of a solvent or solvent mixture 

and the general structure 

-[R - X - (R^ - Y)p - Z]„ formed by subsequent modification of polymer matrix, where 

.•50 R is independently selected from the group: covalent bond, -(CH2)a-, -OCH2CH2-, - 

(OCH2CH2)b-, -C6H4-O-. -C6H4-CO-, -NH-QH4-CO- -C6H4-NH-, -O-C6H6-O-CH2CH2O-, 
X is independently selected from the group: covalent bond, -0-, -NR^-, -C0-0-, -CO-NH- 
NH-CO-, -0-CO-O- -NH-CS-NH-, -NH-CO-NH-, -O-NH-CH2CH2CONH-, where R^ is -H, 
alkyl Ci -,C4Qr acetyj. 
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is independently selected from the group: covalent bond, -(CH2)a-, -OCH2CH2-, -CeEU-O-, 
-(OCH2CH2)b-0-, -C6H4-CO-, .NH-C6H4-CO-, 

Y is independently selected from the group: covalent bond, -N(COCH3)- 
-NH-CS-NH-C6H4-0-,-NH-CS-NH-(CH2)a-C6H4-0-,-m^ 
5 -NH-CS-NH-(CH2)a-C6H4-0-, -NH-C6H4-O- -NH-C6H4-CO- 

where the subscript a ranges from 1 to 12, 6 from 1 to 200, p is 0-20, and subscript n is 
selected to ensure the saccharide concentration in the range from 1x10"^ to 0.3 g per gram of 
polymer matrix, 

!() Z is independently selected from the group of mannose, galactose and lactose derivatives, 
whose structure formulae are given; the wavy line shows the attachment of the saccharide 
molecule. The mannose derivatives are as follows 



15 



20 




wo 2004/067732 



7 



PCT/CZ2004/000005 




The galactose derivatives are as follows 
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OH OH 



OH OH 



The lactose derivatives are as follows 

OH ?H 
HO^ 

NH^ 



HO 




OH 



-(CH2)n 




I OH 




OH 



--NH-CO(CH2)n^ 




HOHO 



COCH3 HO- 




OH?H 



HoHO 




■0-(CH2)n-0-\ /N""*^""- 



-0-(CH;)n-NHCO-^^"^-N=N^ 



The basic materials for polymer carriers according to the invention are hydrophilic polymer 
matrices, which are surface-activated and, subsequently, saccharides are activated. 



Polymer matrix 

To advantage, activation of surface layers of polymer carriers is associated with application of 
spacers because in interactions of polymer systems with biological materials the antenna 
effect mosUy operates, which enables the receptor contact with a polymer Hgand. 
Polymer carriers suitable for preparation of cultivation supports by their surface modification 
may be of natural (cellulose, alginates) or synthetic origin (poly(vinyl alcohol), poly(2- 
hydroxyethyl methacrylate) etc.). The suitability of a polymer is determined by several 
parameters such as swelling, mechanical properties and, last but not least, by the presence of 
reactive groups such as hydroxy, amino or carboxy groups. Biocompatibility, chemical 
inertness, stability in biological media, insolubiUty. sterilizabiUty and zero extractability of 
polymer matrices are other necessary requirements for their appUcations. 
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Suitable monomers for preparation of polymer carriers according to the invention are 2- 
hydroxy ethyl acrylate, 2-hydroxyethyl methacrylate (HEMA), 2-(2-hydroxyethoxy)ethyl 
acrylate, 2-(2-hydroxyethoxy)ethyl methacrylate (DEGMA), tri-, tetra- and poly(ethylene 
glycol) monoacrylates and methacrylates, glycerol acrylate and methacrylate, 2- 
hydroxypropyl acrylate and methacrylate, oo-hydroxyalkyl acrylates and methacrylates, A^-(co- 
hydroxyalkyl)acrylamides and -methacrylamides, A''-(co-aminoalkyl)acrylamides and 
-methacrylamides, glycidyl acrylate and methacrylate, A^-[2'-hydroxy-l, 1- 
bis(hydroxymethyl)ethyl]acrylamide and -methacrylamide, acrylic and methacrylic acid, co- 
acrylamido- and co-methacrylamidoalkanoic acids, acryloylated and methacryloylated a- 
aniino acids, 4-vinylbenzoic acid, acrylamido- or methacrylamidobenzoic acids, vinyl acetate, 
A^-alkylacrylamides and -methacrylamides. The enumeration of the monomers is naturally 
incomplete and by no means limits the use of other monomers usual in the field. 

The following crosshnkers can be used for the preparation of polymer matrices according to 
the invention: ethylene diacrylate and dimethacrylate, diethylene glycol and ohgo(ethylene 
glycol) diacrylates and dimethacrylates, iV,iV*-ethylenediacrylamide and N^N"- 
ethylenedimethacrylamide, 1,3-divinylurea, l,r-divinyl-3,3'-(ethane-l,l-diyl)di(pyrrolidin-2- 
one), 2,3-dihydroxybutan-l,4-diyl diacrylate or dimethacrylate and also other crosslinkers 
usually used in the field. 

For initiation of polymerizations, thermal radical initiators are suitable such as azo 
compounds, diacyl peroxides and other types of peroxo compounds, photoinitiators 
generating radical by the action of UV radiation or redox initiators, which generate radicals by 
an oxidation-reduction reaction. 

In some cases it is convenient to use a solvent m the preparation of polymer matrix, such as 
water, alcohols (methanol, ethanol, glycol, glycerol), dimethylformamide, dimethyl sulfoxide, 
poIy(ethyiene glycol)s, esters of aliphatic acids, ethylene glycol monomethyl or dimethyl 
ether and also other common solvents used in the field. 

The formes aad shapes of polymer matrices may be different. Common cultivation supports are 
prepared in moulds for film casting, where polymerisations can be performed also in the 
presence of solvents. For some purposes it is more convenient to prepare spongy polymers. 
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foams, microparticles or beads. The techniques are well known and commonly used in the 
field and, therefore, are not further discussed here. 

Activation of polymer matrix surface 

By radical polymerization, polymer matrix is formed with the idealized structure PM-(R'')p, 
where PM represents the structure of the crosslinked carbon chain formed by radical 
polymerization and the group is any functional group, which is a constituent, of the used 
monomers or comonomers. The structure of this pait of the matrix corresponds to the 
polymerization mixture composition and the functional groups correspond to the structure of 
the starting monomer. 

IV is most frequently -OH, -COOH, -CH2CH2OH, -CH2CH(OH)CH3, -NH2, 
-CH2NH2, -C6H4COOH, .C6H4OH, -C6H4OCH2CH2OH, -CONH(CH2)nCOOH, 
-C6H4NH2, -COO(CH2)nCOOH, -CONH(CH2)„NH2. This list of reactive groups is only 
illustrative; a variety of other possible groups are available, which must be included in the list. 

All the functional groups denoted are . not utilized for modification reactions leading to 
binding of spacers and subsequent reaction with activated saccharides. The reactions occur in 
matrix surface layers and do not significantly affect mechanical properties of the matrix. In 
utilizing accessible reactive groups of the matrix and subsequent reaction with saccharides, a 
surface phenomenon appears called the orange effect. The effect consists in that on 
attachment of substances of the nature pronouncedly different from the matrix structure 
(saccharide), the matrix surface bursts durhig swelling due to different swelling characteristics 
of the ligand and matrix. 

The modified matrix has the idealized structure PM-(R^.X*Ox, where the general formula 
-R^'-X*' represents the matrix surface structure after modification reaction and, clearly, its 
concentration is lower than the origmal introduced groups generally denoted -R*. The symbol 
X*" represents reactive groups or a spacer as described below. Possible repetition of the 
modification reaction using the same or different compounds (e.g., diazotation and azo 
coupling, formation of an active ester) is included in the general representation. 



Activation of amino and hydroxy groups 
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Activation of a hydroxy or amino group can be accomplished by the reaction with 
bifunctional reactive systeins, e.g. dichlorides or chloride-esters of dicarboxylic acids, 
such as dicarboxyhc acids of the general formula HOOC-Q-COOH, where Q represents a 
bifunctional aliphatic chain, branched aliphatic chain, cycloalkanediyl, cycloalkenediyl, 
phenyiene, fiirandiyl, oxydiethylene, diisocyanates of the general formula OCN-T-NCO and 
diisothiocyanates SCN-T-NCS, where T represents a divalent aliphatic chain, cyclohexane- 
1,4-diyl, methylenedi-l,4-phenylene, oxydi-l,4-phenylene, methylenedicyclohexane-l,4-diyI. 
Another possibility of activation of hydroxy or amino groups is the use of cyanogen bromide, 
pliosgene, diphosgene, chlorocarbonic esters of aliphatic alcohols, branched aliphatic 
alcohols, cyclic alcohols, l,r-carbonyldiimidazole or 

other derivatives of carbonic acid commonly used in the field. The thus modified matrix 
surface selectively reacts in another step with an aliphatic amino group (J. Drobnik, J. Labsky, 
H. Kudlvasrova, V. Saudek, F. Svec: Biotechnol. Bioeng. 2, 487, 1982, J. Drobnik, J. 
Kalal, J. Labsky, V. Saudek, F. Svec: Czech Pat. 204 190, US 4 245 064, 1979, K. Takeda, 
H.Ogura: Synth. Commun.l2, 213, 1982, K. Takeda et al: Tetrahedron Lett. 24, 4569, 1983, 
N. Nimura et al.: Anal. Chem. 58, 2372, 1986). 




Surface activation can be repeated, hence the resulting structures can be, e.g., 

^0^(CH25r^NH<CH2)n-I^H-C0-0-^^ i-0-LNH-(CH2)nNH-COCH2-CI 

^ O ^ 

|-0-l-NH-(CH2)n-NH<:00-N^]^ |-^H-iCH2)nC-<)-HS^^ 



^S-OH 
O 



-NH-Jl-NH-<CH2)n-NHCO -N H-(CH2)n,WH-'l-N^ 
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Formation and activation of carboxylic group 

Carboxylic groups can be built-in into polymer carrier using an appropriate polymerizable 
monomer, such as acrylic, methacrylic acid, maleic anhydride, co-acrylamidoalkanoic acids, 
co~methacrylamidoalkanoic acids or by additional modification of other reactive groups. 
Modification of polymer surface by the reaction of cyclic anhydrides with amino or hydroxy 
group of the carrier affords carboxylic groups 

O 



|— NH2 — f-NI- 
|~NH-CO-NH-(CH2)n-NH-X^"T— 



|_NH2 - f-NH-^O 1-^^ ^ ^^^^^ 



Another possibility is the reaction of polymer matrk with an appropriate derivative of 
dicarboxylic acid such as dichloride or active ester. Suitable alcohols for the active esters are, 
e.g., 4-nitrophenol, pentachlorophenol, pentafluorophenol, 2,4-dinitrophenol, N- 
hydroxysuccinimide, iV-hydroxyphthalimide, l-hydroxy-2, 5 -dioxopyrrolidine-3 -sulfonic acid 
and other compounds used in the field. When using excess reagent, predominantly one group 
of dicarboxylic acid reacts; the other can be utilized for the reaction with an aliphatic amino 
group, e.g. of a saccharide. 




Activation of the carboxylic group is possible in several ways. Its transformation into acid 
chloride by the action of, e.g., thionyl chloride, phosphorus trichloride, phosphorus 
pentachloride, oxalyl chloride is easy. A necessary requirement is that the polymer carrier be 
inert (A. K. Ghost et al.: Tetrahedron Lett. 33, 2781, 1992, J. P. Greenstein, M. Winitz: 
Chemistry of the Aminoacids. J. Wiley, New York 1961) 
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Another possible activation of the carboxyi is the transformation of an acid ester to acid 
hydrazide and further to azide. The reaction is performed by the action of hydrazine, most 
5 frequently on an acid ester and by subsequent reaction with sodium nitrite or a nitroso 
compound (J. P. Greenstein, M. Winitz: Chemistry of the Aminoacids. J. Wiley, N.Y, 1961). 
The hydrazide can be also prepared by the carbodiimide-activated reaction of an acid with 
hydrazine (J. Drobmk, J. Kalal, J. Labsky, V. Saudek, F. Svec: Czech Pat. 204 190, US 4 245 
064, 1979). 

10 




A frequently used activation of the carboxyl group, probably the mildest for polymer carriers, 
is performed by activation with carbodiimides or analogous compounds, where active ester is 
15 an intermediate. The technique is perfectly elaborated, offering the reaction proceeding in 
both aqueous and organic media; the yields of the condensation reaction often range above 80 
%. As an example, the intermediate is given formed by the reaction of the carboxyl with 
dicyclohexylcarbodiimide (M. K. Dhaon et al: J. Org. Chem. 47, 1962, 1982, J. C. Sheehan et 
al: J. Am. Chem. Soc, 95, 875, 1973). 

20 




An elegant procedure affording good yields is the mixed anhydride method, which consists in 
the reaction of alkyl chlorocarbonates with the carboxyl group in the presence of a tertiary 
25 amine (J. P. Greenstein, Wmitz: Chemistry of the Ammoacids. J. Wiley, N.Y, 1961). The 
acylation proceeds selectively only with the used acid, carbonic acid derivatives do not take 
part in the reaction. 



30 
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An advantage of the reaction is that the by-products are alcohol (for R = ethyl, it is ethanol) 
and carbon dioxide. 

N4odern reagents for carboxyl activation, e.g. water-soluble iV-[3-(dimethylamino)propyl]-//'- 
5 ethylcarbodiiraide (EDC) (R. R. Fischer: J. Biol. Chem. 256, 8963, 1981, Abdelmoty et al: 
Lett. Pept. Sci., 1, 57, 1994, R. Knorr.et al: Tetrahedron Lett. 30, 1927, 1989, V. Dourtoglou 
et al.: Synthesis 572, 1984) or condensation agents based on 0-(benzotriazol-l-yl)-i\i^,A'',//',// - 
tetramethyluronium tetra- or hexafluorophosphate (HBTU), •0-(7-azabenzotriazoH-yl)- 
A^,A^,A^',iV -tetramethyluronium hexafluorophosphate (HATU), (benzotriazol- 1 - 
10 yloxy)dipiperidinonQethylium hexafluorophosphate (HBPipU) et al. are very effective, but the 
methods are not widespread due to high prices of the reagents. Worth mentioning is also 
yV-ethyl-5-phenylisoxazolium-3 '-sulfonate (Woodward reagent), which easily activates 
carboxyl and is used for amide bond formation (R. B. Woodward et al: J. Am. Chem. Soc. 83, 
1007-9, 1961, R. B. Woodward et al: J. Am. Chem. Soc. 83, 1010-12, 1961) or 2-ethoxy-l- 
15 (ethoxycarbonyl)-l,2-dihydroquinoline (EEDQ) (B. Belleau et al: J. Am. Chem. Soc. 90, 
1651, 1968, J. Klein, D. Herzog: Makromol. Chem. 188, 1217-32, 1987, R. Roy: Top. Curr. 
Chem. 187, 242-271, 1997), which reacts in an analogous way. The Ust of the reagents is not 
exhaustive; also analogous reagents well known in the field can be used. 

20 Activation by aromatic amines and phenols 

A variety of reactions can be used for activation of polymer matrix with aromatic amines or 
phenols, which make it possible to build-in an aromatic system suitable for diazotation and 
azo coupling. Examples of the compounds used are as follows. 







25 
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Tlie resulting polymer matrices suitable for azo coupling with diazonium salts have, e.g., the 
following structure 

o 

NH— CH2CH2-O---/ \— OH ^CO — NH-CH2-C-NH-/ V" NH2 

0=|— O — CH3 _• O . ^ 



Activation of saccharides 

D-Mannose and D-galactose or their 2-amino-2-deoxy derivatives often occur in natural 
materials. These saccharide units are firequently located at the nonreducing ends of saccharide 
10 chains and are key saccharides for interactions with active centres of biological systems. 
Saccharides bonded to polymer matrices have the a or P structure; most often they are 
mixtures of the stereoisomers in dependence on the used reactions. The structure details, 
however, cannot be determined in the matrix and are not a hindrance in the use of matrices. 



15 The described modifications of saccharides frequently make use of protecting groups for 
hydroxy groups of saccharides. For the sake of brevity, they are omitted in structural 
formulae. Clearly, the final modification of the matrix surface implies the removal of the 
protecting groups. The methods for the purpose are standard and are not given here. 
Under the reducing part of disaccharides is understood the part of disaccharide containing the 

20 hemiacetal grouping in the pyran ring of the saccharide, which easily undergoes hydrolysis 
and the resulting aldehyde group is subject to consecutive reactions, such as reductive 
amination. 

Amino derivatives of mannose and galactose 

25 In addition to commercially available 2-amino-2-deoxy-D-mannose and -galactose, 
mannosyl-, lactosyl- and galactosylamine can be used, which are easily prepared from 
mannose, lactose or galactose by the reaction with ammonia, ammonium hydrogencarbonate 
or ammonium carbonate (L. M Likhosherstov et al: Izv. Akad. Nauk, Ser. Khim. 8, 1461, 
2000, R. Duncan et al: J. Controlled Release 10, 51-63, 1989, T. Rademacher, ID. Manger: 

30 US 5,280,113). 



lU 
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9" HP OH HO OH 




U_o, 




These amino derivatives are rather unstable but the formation of tlie amide bond stabilizes 
them. The derivatives appropriate for modification of polymer carriers are, e.g., ca-amino-A^- 
(D-mannopyranosyl)alkanamide or iV-(co-aminoalkyl)-A^-(D-mannopyranosyl)alkanamide (J. 
J. Garcia-Lopez et al: Chera. Eur. J., 5, 1775-1784, 1999, A.Ya. Chernyak et al.: Carbohydr. 
Res. 223, 303-9, 1992) or analogous derivatives of galactose: 




OH o 



NHMCH2)nNH2 HoXi-----^*«'-X--N--(CH2)n-NH2 

Mannosylamine, galactosyiamine and lactosylamine can also be prepared by reduction of the 
corresponding azide. In this way, also their 0-acetylated or 0-benzoyiated derivatives are 
prepared, which, after reduction and attacliment to polymer matrix, can be easily deacetylated 
with a methanolic solution of sodium methanolate. 



AcO-^ N=N=N AcO--^ NH2 



AcO' \ Ar^n^-^ST^ J ^ \ A.o-^ 

AcO — Br 



Methyl 6-amino-6-deoxy-D-mannopyranoside, accessible from methyl a-D-mannopyranoside 
by tosylation and subsequent reaction with sodium azide and reduction, was also used for the 
20 mannosylation reaction (A. L. Cimecioglu et al: Macromolecules, 30, 55-6, 1997, R. Roy et 
al: Glycoconjugate J. 15, 251-63, 1998). 

HO M=N+=N" 
y^O^O. TosO 




25 
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A frequently used mannose derivative is 2-aiiiinoethyl P-D-mannopyranoside, which can be 
prepared in several ways, e.g. (A.Ya. Chernyak et al: Carbohydr. Res. 223, 303-9, 1992, 
A.Ya. Chernyak et al: Glycoconjugate J. 8, 82-9, 1991, Patel et al: J. Org. Chem. 2002, 79-86, 
J. M. Kim, R. Roy: J. Carbohydr. Res. 16, 1281-92, 1997): 



OH 



OH 
HO 



■ OH 



OH 




r-ur 
•—Br 




OH 

NaN3 0H-^L °l^O 



HO 




OAc 



AcO 
AcO 



OAc 

1-0 




Br 




OAc 

OAc 

AcO— _LQ 




AcO 



The reaction can be extended to halogenated alcohols of the general formula 



AcO 



AcO 




HO 



HO 



HO- 



-(CH2)n-Br 



H 




-{CH2)n-NH2 



The reductive amination of the aldehyde group in a reducing disaccharide can also be used for 
the preparation of saccharide amines. 

OH O'^ 



HO 



OH OH 




O HO 



OH ?H 



HO- 



HO 





D HO 



R— NH2 



OH OH 




Another possibility, often used in the field, is the addition of 2-aininoethane-l -thiol onto the 
15 double bonds of acrylamide or allyl derivatives, e.g. ( M.G. Baek et al: Biomacromolecules 1, 
768-770, 2000): 




OH" 



OH 



HO 



^^^^^^^ "^"^^ 
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Carboxy derivatives of saccharides 

A variety of glycosides were prepared, where a carboxyl group is present in the aglykon, e.g. 
methyl 8-[l-(9-(2,3,4,6-tetra-(9-acetyl-a-D-mannopyranosyl)]octanoate (B. M. Pinto et al: 
Carbohydr. Res. 124, 313-18, 1983, K. Wada et al: J. Carbohydr, Chem. 13, 941-65,1994). 
The ester can be- transformed into derivatives appropriate for the reaction with activated 
matrix (carboxylic acid, active ester, hydrazide, azide) (R, U. Lemieux, D. A. Baker: Can. J. 
Biochem. 55, 507-12, 1977). 

AcO OAc AcO ?Ac 



The carboxyl group can be generated at another site of saccharide molecule, e.g. by the 
reaction of an amino group with cycUc anliydrides of dicarboxylic acids: 



Mannosylamine and galactosyl amine can be easily transformed into derivatives that can be 
used for the reaction with activated matrix, such as (T. Rademacher: US 5 280 113, I.D. 
Manger: EP 0413675, H. Parot Lopez et al: Tetrahedron Lett. 33, 209-13, 1992, D. Vetter: 
Bioconjugate Chem. 6, 319-22, 1995, J. K Rasmussen: US 5 283 353): 





o 



o 





OH 



O 




OH 



;lch3 



N-(CH2)n-C02H 



NHU-(CH2)n-C02H H*^^ 



O 




'CO2H 



A'-succinimidyl glycopyranosides are saccharide derivatives, which, in the reaction with the 
matrix amino group, form a straight-chain spacer (J. M. Kim, R. Roy: J. Carbohydr. Res. 16, 
1281-92, 1997, S. Cao, F. D. Topper, R. Roy: Tetrahedron 51, 6679-86, 1985): 




5 Isothiocyanates of saccharides 

Saccharides modified with isothiocyanate groups are widespread in the synthesis of 
glycosylated derivatives. Peracetylated mannosyl ispcyanate forms a crystalline derivative (B. 
Konig et al: Tetrahedron Lett. 39, 2307-10, 1998, J. Kerekgyarto et al: Carbohydr. Res. 297, 
1997, 107-15) 



AcO 




4-IsothiocyanatophenyI a-D-mannopyranoside can be prepared from 4~nitrophenyl a-D- 
15 mannopyranoside by reduction of nitro group and consecutive reaction with thiophosgene. An 
analogous derivative was prepared from co-aminoalkyl a-D-mannopyranoside (C. R. Broom et 
al: Methods Enzymol. 28, 212-19, 1972, D.F. Smith et al: Methods Enzymol. 50, 163-75, 
1978, S. Kotteer: J. Chem. Soc, Perkin Trans. 1, 2193, 1998) 



20 




Isothiocyanates were derived that contain a spacer between the aromatic ring and saccharide, 
e.g. (M. Andersson et al: Bioconjugate Chem. 4, 246-9, 1993): 

25 

HO 
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Trichloroacetimidates of saccharides 

In the saccharide chemistry, great attention is rightly paid to txichloroacetimidate chemistry, 
where high yields and simple preparation guarantee wide spreading of the method for 
preparation of glycosidic derivatives (R. R. Schmid: Prep. Carbohydr. Chem., pp. 283-312, S. 
Hanessian, Ed., S. Dekker: New York 1997). The reaction with a hydroxy group of the matrix 
is schematically outlined: 



HO HO 




Thio derivatives 

A relatively easy preparation and a considerably higher reactivity of the SH group make it 
possible to extend the assortment of reactive saccharide derivatives (P. H. Weigel et al: J. 
Biol Chem. 254, 10830-8,1979, S. Chipowsky et al: J. Carbohydr. Res. 31, 339-346, 1973, G. 
Pastuch et al: Tetrahedron Lett. 41, 9923, 2000, F. M. Ibatullin et al: Synthesis 419, 2001). 




It is necessary to mention also amidines, which can be easily prepared by the reaction of 2- 
imino-2-methoxy ethyl 1-thioglycopyranosides with amines (Y. C. Lee, CP. Stowell, M. J. 
Krantz: Biochemistry 15, 3956, 1976) 
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Thio derivatives react in alkaline mediun easily with haloacetyl derivatives, such as (H. W. 1. 
Peerlings et al: Eur. J. Org. Chem., 1879-86, 1998) 




Lactones 

p-Galactopyranosyl-(l— >4)-D-glucono-l,5-lactone reacts with an aliphatic amino group under 
the formation of amide (K. Aoi et al: Macromolecules 28, 5391, 1995). Di- and 
oligosaccharides that contain mannose in the nonreducing part react analogously. 



OH OH 




Benzenediazonium derivatives 

Aminophenyi derivatives of saccharides and disaccharides, easily convertible to diazonium 
salts, can be azo-coupled with biological materials, which contains groups (tyrosine) 
undergoing azo coupling. This fact can be utilized for binding appropriate derivatives to 
matrices with attached phenols, e.g. (C. P. Stowell, Y. C. Lee: Adv. Carbohydr. Chem. 37, 
225-281, 1980, M. Wichek et al: PCX Int. Appl. WO 2000027814 Al, 2000): 




The brief enumeration of possible methods of preparation of polymer matrices with attached 
mono- and disaccharides is only illustrative and by no means limits the use of analogous 
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reactions for the preparation of the matrices that can be used for temporary immobilization of 
cells with raannose and galactose receptors. 

Examples 
Example 1 

95 g (0.5 mol) of tetraethylene glycol is mixed with sodium methanolate (from 1 1.5 g sodium 
and 200 ml methanol) under cooling and methanol is evaporated in vacuum. To the reaction 
mixture diluted with 300 ml of acetone is dropped 50 g (0.5 mol) of methacryloyl chloride 
during 30 min at 0 °C under cooling. The mixture is left standing for 24 h, the precipitated 
sodium chloride is filtered off and volatiles are evaporated in vacuum. The residue contains 
59 % tetraethylene glycol, 34 % tetraetliylene glycol monomethacrylate and 5.9 % 
tetraethylene glycol dimethacrylate. 

Example 2 

75 g (0.5 mol) of triethylene glycol is mixed with sodium methanolate (from 11.5 g sodium 
and 200 ml methanol) under cooling and methanol is evaporated in vacuum. To the reaction 
mixture diluted with 300 ml of acetone is dropped 50 g (0.5 mol) of methacryloyl chloride 
during 30 min at 0 ""C under cooling. The mixture is left standing for 24 h, the precipitated 
sodium chloride is filtered off and volatiles are evaporated in vacuum. The residue contains 
57 % triethylene glycol, 26 % of its monomethacryloyl derivative and 5.1 % of the 
dimethacrylate. " 

Example 3 

A mixture of 40 ml of 2-hydroxyethyl methacrylate, and 25 ml of the product mixture 
containing tetraethylene glycol monomethacrylate (Example 1) and 1 ml of Darocur 1173 
(Ciba) was bubbled with argon for 10 min and poured into a mould for preparation of films of 
1.6 mm thickness. The polymerization mixture was irradiated with Philips UV lamps of total 
output 160 W from a distance of 20 cm for 20 min. The obtamed Glm was extracted with 30% 
ethanol in distilled water and subsequently with distilled water and then dried. 

Example 4 

A mixture of 30 ml of 2-hydroxyethyl methacrylate, 0.3 mi ethylene dimethacrylate and 0.6 
ml of Darocuf 1173 (Ciba) was bubbled with argon for 10 min and poured into a mould for 
preparation of films of 1.6 mm thickness. The polymerization mixture was irradiated with 
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Philips UV lamps of total output 120 W from a distance of 20 cm for 20 min. The obtained 
film was extracted with 30% ethanol and water 

Example 5 

3 A mixture of 40 ml of 2-hydroxyethyl methacrylate, 20 ml triethylene glycol 
monomethacrylate (Example 2) and 1 ml of Darocur 1173 (Ciba) was bubbled with argon for 
10 min and poured into a mould for preparation of films of 1.6 mm thickness. The 
polymerization mixture was irradiated with Phihps UV lamps of total output 120 W from a 
distance of 20 cm for 20 mui. The obtained film was extracted with 30% ethanol and water. 

10 From the swollen film were cut rings 21 mm in diameter. 

Example 6 

A mixture of 30 ml of 2-hydroxyethyl methacrylate, 5 g 7~methacrylamidoheptanoic acid and 
0.2 g Irgacure 2959 (Ciba) was bubbled with argon for 10 min and poured into a mould for 
!5 preparation of films of 1.6 mm thickness. The polymerization mbcture was hradiated with 
Philips UV lamps of total output 120 W from a distance of 20 cm for 20 min. The obtained 
film was extracted with 30% methanol and distilled water. 

Example'7 - ^ • ^ ' 

20 A mixture of 40 ml of 2'hydroxy ethyl methacrylate, 10 ml 2,3-dihydroxypropyl methacrylate, 
5 ml A^,Ar-dimethacrylamide and 0.4 g Irgacure 2959 (Ciba) was bubbled with argon for 10 
min and poured into a mould for preparation of films of 1.8 mm thickness. The 
polymerization mixture was irradiated with Phihps UV lamps of total output 120 W from a 
distance of 20 cm for 25 min. The obtained film was extracted with 25% methanol and water 

25 and dried. 

Example 8 

A mixture of 30 ml of 3-hydroxypropyI methacrylate, 10 ml 2-methoxy ethyl methacrylate, 15 
ml of a mixture containing tetraethylene glycol monomethacrylate (Example 1) and 0,26 g 
30 2,2'-a2obis(2-methylpropanenitrile) was bubbled with argon for 10 min and poured into a 
mould for preparation of films of 1.6 mm thickness. The polymerization mixture was heated 
gradually to 48 - 62 for 11 h. The obtained film was extracted with 30% methanol and 
water and dried before use. . 
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Example 9 

A mixture of 40 ml of 2-hydroxyethyl methacrylate, 20 ml of diethylene glycol 
monomethacryiate and 0.38 g of 4,4'-azobis(4-cyanopentaaoic acid) was bubbled with 
nitrogen-for J.1 .min and poured into a mould for preparation of films of 1.6 mm thickness. 
5 The polymerization mixture was heated gradually at 50 - 63 ""C for 12 h. After taking out 
from the mould, tlie film was extracted with 30% methanol and water and dried. 



Example 10 

A mixture of 30 ml of l-vinylpyrrolidin-2-one, 20 ml 2-hydroxyethyl acrylate, 15 ml 4- 
10 hydroxybutyl methacrylate, 2 ml 2-{[(vinyloxy)carbonyl]oxy} ethyl methacrylate, and 1 ml of 
Darocur 1 173 (Ciba) was bubbled with carbon dioxide for 10 min and poured into a mould for 
preparation of films of 1.8 mm thickness. The polymerization mixture was irradiated with 
Philips UV lamps (120 W) from a distance of 22 cm for 15 min. The obtained film was 
extracted in a standard way. 

15 

Example 1 1 

A mixture of 25 ml of 2-hydroxypropyl methacrylate, 25 ml 2-hydroxyethyl methacrylate, 3 
ml triethylene glycol dimethacrylate, 10 ml glycerol methacrylate (mixture of isomers), 10 ml 
of 2-acetoxy ethyl methacrylate, and 1 g Irgacure 2959 (Ciba) was bubbled with nitrogen for 
20 1 5 min and poured into a mould for preparation of films. The polymerization mixture was 
irradiated with Philips UV lamps (100 W) from a distance of 25 cm for 23 min. The obtained 
film was extracted in a standard way. 



Example 12 

25 A mixture of 50 ml of 2-hydroxypropyl methacrylate, 20 ml 2-hydroxyethyl methacrylate, 10 
g A^-(6-aminohexyl)methacrylamide and 0.7 g Darocur 1173 (Ciba) was bubbled with 
nitrogen for 15 min and poured into a mould for preparation of films (1.5 mm). The 
polymerization mixture was irradiated with a UV source (120 W) from a distance of 20 cm. 
The obtained film was washed in a standard way. 

30 • 

Example 13 

A mixture of 20 ml of 2-hydroxyethyl methacrylate, 30 ml poly (ethylene glycol) 
monomethacryiate (Polyscience, Inc., n = 200), 2 ml diethylene glycol dimethacrylate and 0.7 
ml Darocur 1173 (Ciba) was bubbled with nitrogen for 15 mm and poured into a mould for 
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preparation of films (1.6 mm). The polymerization mixture was irradiated with a UV source 
(120 W) from a distance of 25 cm for 20 min. The monomer residues after polymerization 
were removed by extraction of the film with 30% ethanol and water. 

Example 14 

A mixture of 40 ml of 2-hydroxyethyl methacrylate, 10 ml 2-methoxyethyl methacrylate, 2 ml 
A^,A^-dimethacrylamide, 2.1 g iV-{6-[(2,5-dioxopyrrolidin-l-yl)oxy]-6-oxohexyl}acrylamide 
and 0.4 g Darocur 1 173 (Ciba) was bubbled with argon for 10 min and poured into a mould 
for preparation of films of 1.6 mm thickness. The polymerization mixture was irradiated with 
UV light as in Example 7. 

Example 15 

A mixture of 30 ml of 2-hydroxyethyl methacrylate, 15 ml 2-methoxyethyl methacrylate, 2 g 
A/-{12-[(l,3.dioxoisoindolin-2-yl)oxy]-12-oxododecyl}methacrylamide and 0.6 ml Darocur 
1 173 (Ciba) was bubbled with argon and poured into a mould for preparation of films of 1.6 
mm thickness. The monomer mixture was irradiated with UV hght as m Example 7. 

Example 16 

The polymer prepared according to Example 3 (rings 21 mm in diameter, cut in the swollen 
state, dry weight 5 g) was immersed in a solution of 3 g 4-nitrophenyl chlorocarbonate in 30 
ml toluene, 5 ml pyridine and 10 ml acetone for 48 h. The polymer was washed with acetone 
three times (total 2Q0,ml) and dried. 

Example 17 

5 g of the polymer prepared accordmg to Example 9 was immersed in a solution of 3.5 g of 2- 
[(chlorocarbonyl)oxy]isoindoline-l,3-dione in 50 ml of an acetone-dioxane 1:1 mixture and 5 
ml of triethylamine. After 24 h the solution was removed and the polymer washed, 
successively with dioxane and acetone and dried. 

Example 18 

10 g of the polymer prepared firom 2-hydroxyethyl methacrylate (according to Example 4) 
was immersed in a solution of phosgene (10 g) in toluene (65 ml) for 24 h. After the reaction 
the polymer was washed three times with acetone and dried. 
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Example 19 

1 g of the polymer according to Example 14 was mixed with a solution of 1.1 g of 2,2- 
oxydiethan^l'-amine dihydrochloride, 1.2 g sodium hydrogencarbonate, 5 ml water and L5 ml 
dimethyl sulfoxide was left reacting for 24 h. After finishing the reaction the polymer is 
5 washed with water, ethanol and water and dried. 

Example 20 

The polymer prepared according to Example 18 (6 g, rings 1 1 mm in diameter) was immersed 
in a solution of 5 g of hexametlaylenediamine in 30 ml dioxane. After 24 h the solution was 
10 removed and the polymer was washed with a mixture of 30% methanol and 0.5% sodium 
hydrogencarbonate. 

Example 21 

A mixture of 30 ml of 2-hydroxy ethyl methacrylate, 10 ml water, 0.3 g 
13 methylenebisacrylamide, 2 ml of a 10% solution of ammonium persulfate and 2 ml of 10% 
solution of A^,A',A^,A^--tetramethylethylenedianune in methanol was poured into a mold for 
preparation of films. The gel obtained after 24 h was washed with water and dried. 

Example 22 

20 1 g of the polymer prepared according to Example 14 as a 1.3 nmi-thick film was immersed 
into a solution of 0.5 g of 4-(2-aminoethyl)aniline in 20 ml dioxane. The solution was 
removed after 48 h. the polymer was extracted for 2 days with a 5 % solution of sodium 
hydrogencarbonate in 30% methanol. 

25 Example 23 

The film prepared from a mixture of 10 g of 2-hydroxyethyl methacrylate and 0.7 g 6- 
methacrylamidohexanoic acid according to Example 6 (squares 2 x 2 cm, thickness 1.6 mm, 
weight 5 g) was swollen in a mixture of 5 ml of isopropyl alcohol and 15 ml water, the 
reaction' niixtufe^ was cooled to 0 ""C and 1.5 g of iSr-[3-(dimethylamino)propyl]-A^- 
30 ethylcarbodiimide was added. After 1 h, 3 raJ of hexamethylenediamine was added. After 24 
h at room temperature, the solution was removed and the polymer was extracted with 30% 
methanol containing 1 % of acetic acid and fmally with a 1% solution of sodium 
hydrogencarbonate and water and dried. 
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Example 24 

The rings (17 mm in diameter, 1.5 g) prepared according to Example 17 were covered with a 
solution of 0.35 g of iV-(a-D-mannopyranosyl)glycinamide in 3 ml water and 1.5 ml dimethyl 
sulfoxide. The reaction was quenched after 2 days by washing with excess distilled water. 

Example 25 

A mixture of 1 g 4-nitrophenyl chlorocarbonate, 10 mi dioxane, 1 ml pyridine and 0.1 g 4- 
(dimethylamino)pyridine was added to the rings (diameter 18 mm, 5 g) prepared according to 
Example 13. After 24 h, the rings were washed three times with acetone, ethanol and water 
and 0.5 g 6-aminohexyl a-D-mannopyranoside in a mixture of 5 ml water and 3 ml dimethyl 
sulfoxide was added. The reaction was quenched after two days by washing with 30% 
methanol , and the polymer was extracted with a 5% solution of sodium hydrogencarbonate 
(for three days) and distilled water (for two days). 

Example 26 

Cultivation supports (thickness L3 mm, 2.1 g) prepared according to Example 10 were 
covered with a solution of 1 g 4-nitrophenyl chlorocarbonate, 10 ml dioxane and 2 ml 
pyridine. After 2 days, the polymer supports were washed with a mixture of acetone, dioxane 
and dichloromethane. The polymer was reacted with a solution of 0.4 g of 2-amino-2-deoxy- 
a-D-galactose in a mixture of 1 ml dimethylformamide and 3 ml water. The reaction was 
quenched after two days by washing with water, a mixture of methanol - water (1:1) and 
water. 

Example 27 

The polymer supports 2x2 cm prepared according to Example 22 (thickness 1.8 mm, 5.6 g) 
were moistened with a solution of 2 g thiophosgene in 10 ml of acetone. The reaction was 
quenched after 2 days by washing the film three times with acetone and drying. 

Example 28 

To the polymer matrix prepared according to Example 18 (rings 16 mm in diameter, thickness 
1 .3 mm, 5 g) was added a solution of 1.2 g of methyl 6-ammo-6-deoxy-a-D-mannopyranoside 
and 0.2 g 4-(dimethylamino)pyridine in 12 ml water and 3 ml dimethyl sulfoxide. The 
reaction was stopped after 2 days by washing the film with water and drying. 
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Example 29 

A solution of 1 g i\r-[3-(dimethyiamino)propyl)]7V^-ethyl-carbodumide^ 0.5 g 1- 
hydroxybeiizotriazole and 0.5 g 5-carboxypentyl a-D-mannopyranoside in 20 ml water (first 
under cooling to 5 ""C) was added after 30 min to a polymer film prepared according to 
5 Example 19 (5 g* rings 19 mm in diameter, thickness 1.8 mm). The reaction mixture was left 
standing at laboratory temperature for two days and the film was washed with acetone, 
methanol and water. 

Example 30 

1 1) The polymer film prepared according to Example 12 was overlayered with a solution of 1 .3 g 
of 4-isothiocyanatophenyl a-D-mannopyranoside in 10 mi of acetone - isopropyl alcohol 1:1. 
After 2 days the polymer film was washed three times with acetone, twice with methanol, 
then with water and dried. 

15 Example 31 

The polymer prepared according to Example 20 (6 g, rings 1 1 max in diameter) was covered 
with a solution of 1.8 g of P-galactopyranosyl-(l->4)-D-glucono-l,5-lactone and 0.1 g 4- 
(dimethylamino)pyridine in 10 ml of dioxane - water 1:1. The reaction was stopped after two 
days and the film was washed with dioxane, methanol and water. 

20 

Example 32 

A polymer support prepared according to Example 17 (rings 15 mm in diameter, 5 g, 
thickness 1.8 mm) was added to a solution of 1.2 g of 2-aminoethyl a-D-mannopyranoside in 
a mixture of 5 ml dimethylformamide and 8 ml water. The reaction mixture was left standing 
25 for three days and then the support washed with water, 30% methanol and water. 

Example 33 

Five rings of dry polymer film (thickness 1.1 mm, diameter 11 mm) prepared by radical 
polymerization according to Example 3 was immersed into a solution of 1 g 2,3,4,6-tetra-(9- 
30 acetyl-a-D-mannopyranosyl trichloroacetimidate dissolved under cooling (5 ^C) in a mixture 
of 12 ml' acetonitrile and 1 ml of boron trifluoride etherate as catalyst. The reaction mixture 
was cooled to 0 °C for 2 h under occasional shaking. The reaction was stopped by adding 20 
ml of a 5% sodium hydrogencarbonate solution. The polymer was washed with water and 
dried. 
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Example 34 

The film according to Example 12 (3.7 g, ring diameter 18 mm, thickness 1.8 mm) was 
treated with a solution of 1.1 g of 2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl isothiocyanate 
in 15 ml dichloromethane at laboratory temperature. After 24 h, the rings were washed with 
dichloromethane, methanol and water. 

Example 35 

Five rings of the film prepared according to Example 19 (ring diameter 18 mm, thickness'l.S 
mm, 3.6 g) were overlayered with 15 ml of a dioxane solution of 1.2 g 4-isothiocyanatophenyl 
a-D-mannopyranoside. After 2 days, the rings were were washed with dioxane, methanol and 
water. 

Example '3 6' ' • " ' 

A polymer film according to Example 20 (ring diameter 19 mm, thickness 1.8 mm, 3.7 g) was 
immersed in a solution of 1.8 g 2-isocyanatoethyl a-D-mannopyranoside in a mixture of 10 
ml acetone and 5 ml dioxane. After two days, the film was washed with dioxane, acetone and 
water. 

Example 37 

The film according to Example 10 (4.5 g, ring diameter 18 mm, thickness 1.2 mm) was 
immersed in a solution of 5-carboxypentyl a-D-mannopyranoside, 0.3 g N-[3- 
(dimethylamino)propyl];V-ethyl-carbodiimide and 0.2 g 1-hydroxy benzotriazole in a mixture 
of 15 ml dimethylformamide and 5 ml water. After 2 days, the solution was removed, the film 
was washed successively with dioxane, 5% acetic acid, 5% sodium hydrogencarbonate and 
water. 

Example 38 

A polymer film according to Example 36 (ring diameter 20 mm, thickness 0.9 mm, 3 g) was 
covered with a solution of 2 g 4-nitrophenyl chlorocarbonate in 10 ml dichloromethane. After 
two days, the film was washed with 3x50 ml dichloromethane and dried. 



Example 39 
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A polymer film according to Example 38 (1 g, ring diameter 20 mm, thickness 0.9 mm) was 
immersed in a solution of 1 g of 3,3 '-oxydipropan-1 -amine in 10 ml of a mixture dioxane - 
isopropyl alcohol 1:1. After two days the product was washed -three times with dioxane. 

Example 40 

The film rings prepared according to Examples 24, 25, 26, 28, 29, 30, 31, 32, 33, 34, 35 and 
36 were used for cultivation of keratinocytes [1-4]. In all cases the cultivation was more 
successful than on standard films prepared from 2-hydroxyethyl methacrylate. The films from 
Examples 24, 25 and 28 were better by 50-80 %, while the other exceeded pronouncedly 
100%. 
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Claims 

1 . Polymer carriers with bonded saccharides mannose, galactose or disaccharides where 
at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose of the general formula 
PM-[R-X-(R^-Y)p-Z]^, 

where PM is a hydropliilic crossiinked polymer prepared by radical polymerization of 
a mixture containing 

(a) 1-99 wt.% of a monomer or a monomer mixture, 

(b) 0. 1-10 wt.% of a crosslinker or crosslinker mixture, 

(c) 0.01-10 wt.% of a radical initiator, 

with or without (d) 0. 1-40 wt.% of a solvent or solvent ixiixture 
and the generally formulated structure 

-[R - X - (R^ - Y)p - Z]n formed by additional modification of polymer matrix, 
where R is independently selected from the group: covalent bond, -(CH2)a-, 
. -OCH2CH2-,-(OCH2CH2V, "C6H4-O-, .C6H4-CO-, -NH-C6H4-CO- -C6H4-NH-, -O- 
C6H6-O-CH2CH2O-, 

X is independently selected from the groups: covalent bond, -NR\ -C0-0-, 
-CO-NH-, -NH-CO-, -0-C0-0-, -NH-CS-NH-, -NH-CO-NH-, 
-NH-CH2CH2CONH-, where R^is -H, alkyi Ci - C4 or acetyl, 

R^ is independently selected from the groups: covalent bond, -(CH2)a"*, -OCH2CH2-, 
-C6H4-0-,-(OCH2CH2)b-0-, -C6H4-CO., -NH-C6H4-CO-, 

Y is independently selected from the groups: covalent bond, -N(C0CH3)-, 
-NH-CS-.NH-C6H4-O-, -NH-CS-NH-(CH2)a-C6H4-0-, -NH-CS-NH-(CH2)a-0-C6H4-0- 
-NH-C6H4-O- -NH-C6H4-CO- 

where subscript a ranges from 1 to 12, from 1 to 200,/? from 0 to 20, subscript // is 
selected so that the saccharide concentration ranging from 1x10"^ to 0.3 g per gram of 
polymer matrix is provided, 
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Z is independently selected from a group of mannose, galactose and lactose 
derivatives, which are given as structural formulae, where the wavy line indicates the 
attachment of saccharide wherein the mannose derivatives are 



10 




galactose derivatives gire 
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2. Polymer carriers with bonded saccliarides mannose, galactose or disaccharides, where 
at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose according to Claim 1, 
where the polymerization mixture for hydrophilic polymer PM contams, individual or 
in a mixture, monomers selected from the group 2-hydroxyethyl acrylate, 2- 
hydroxyethyl methacrylate (HEMA), 2-(2-hydroxyethoxy)ethyl acrylate, 2-(2- 
hydroxyethoxy)ethyl methacrylate (DEGMA), tri-, tetra- and poly(ethylene glycol) 
monoacrylate and methacrylate, glycerol acrylate and methacrylate, 2-hydroxypropyl 
acrylate and methacrylate, co-hydroxyalkyl acrylates and methacrylates, (co- 
hydroxyalkyl)acrylamides and -methacryiamides, (co-aminoalkyl)acrylamides and - 
methacrylamides, glycidyl acrylate and methacrylate, iV^[2-hydroxy-l,l- 
bis(hydroxymethyl)-ethyl]acrylamide and -methacrylamide, acrylic and methacrylic 
acids, oo-acrylamido- and co-methacrylamidoalkanoic acids, 4-vinylbenzoic acid, 
acrylamido- or methacrylamidobenzoic acids, iV-alkylacrylamides and - 
methacrylamides, 2-(4-vinylphenoxy)ethan-l-ol, vinyl acetate, 2- 
(methylsulfanyl)ethyl acrylate and methacrylate, 2-(methylsulfinyl)ethyl acrylate and 
methacrylate, 2-(methylsulfonyl)ethyl acrylate and methacrylate, 2-methoxyethyl 
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10 



15 



20 



25 



acrylate and methacrylate, 2-acetoxyethyl acrylate and methacryl ate; methyl acrylate 
and methacrylate. 

3 . Polymer carriers witli bonded saccharides mannose and galactose or disaccharides, 
where at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose according to Claims 1 
and 2, where the polymerization mixture for hydrophilic polymer PM contains a 
crosslinlcer or a crosslinker mixture selected from a group of compounds ethylene 
diacrylate and dimethacrylate, diethylene glycol and oligo(ethylene glycol) 
diacrylates and dimethacrylates, -/V.A/'-ethylenediacrylamide and NJ^- 
ethylenedimethacrylamide, 1,3-divinylurea, l,r-divinyl-3,3 '-(ethane- 1, 1- 
diyl)di(pyrrolidin-2-one). 

4. Polymer carriers with bonded saccharides mannose and galactose or disaccharides, 
where at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose according to Claims 1 

- 3, where the polymerization mixture for hydrophUic polymer PM contains a radical 
initiator generating radicals by heating, such as an azo initiators, diacyl peroxide or 
other type of peroxo compound, an initiator generatmg radicals by UV radiation or a 
redox initiator, which generates radicals through an oxidation-reduction reaction. 



5. Polymer carriers with bonded saccharides mannose, galactose or disaccharides, where 
at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
30 of biological systems with receptors for mannose and galactose according to Claims 1 

- 4, where, as a constituent of the polymerization mixture for hydrophUic polymer PM. 
a solvent or solvent mixture is used selected from compounds such as water, alcohols 
such as methanol, ethanol, ethylene glycol, glycerol, dimethylformamide, dimethyl 
sulfoxide, poly(ethylene glycol)s, esters of aliphatic acids, monomethyl or dimethyl 
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ethers of ethylene glycol. 

6. Polymer carriers with bonded saccharides mannose, galactose or disaccharides, where 
at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose according to Claims 1 

" ^'.prepared by a properly chosen modification reaction or a series of consecutive 
reactions, where the modification reagent is selected from the group of compounds 
activating on the polymer carrier 

a) hydroxy or amino group, where as an activator can be used dichlorides or ester 
chlorides of dicarboxylic acids of general formula HOOC-Q-COOH, where Q is a 
bifunctional aliphatic chain, branched aliphatic chain, cycloalkanediyl, 
cycloalkenediyl, benzenediyl, furandiyl, oxydiethylene, diisocyanates of the general 
formula OCN-T-NCO, where T is a divalent ahphatic cham, cyclohexane-l,4-diyl, 
methylenedi(l,4-phenylene), oxydi(l,4-phenylene), methylenedi(cyclohexane-l,4- 
diyl), further bromo cyanogen, phosgene, diphosgene, thiophosgene, chlorocarbonates 
of aliphatic alcohols, branched aliphatic alcohols, cyclic alcohols, further N^- 
carbonyldiimidazole or other derivatives of carbonic acid commonly used in the field; 

b) carboxyl group, where as an activator can be used thionyl chloride, mixed 
anhydrides, active esters, carbodiimides under catalysis withW-hydroxysuccinimide, 
l-hydroxybenzotriazole, acid hydrazides, acid azides. 

7. Polymer carriers with bonded saccharides mannose, galactose or disaccharides, where 
at the nonreducing end of the disaccharide is mannose or galactose, which are 
covalently bonded to polymer matrix through various types of spacers thereby forming 
polymer matrices suitable for cultivation of keratinocytes or temporary immobilization 
of biological systems with receptors for mannose and galactose according to Claims 1 

- 6, prepared by fmal modification of the matrix with mannose, galactose or lactose 
derivatives such as amino derivatives, isothiocyanates, trichloroacetimidates, 
aldehydes, reactive carboxyl derivatives, activated carboxylic esters bonded to 
saccharides. 
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